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Abstract

Background: Excess body weight is an established cause of postmenopausal breast cancer, but it is unknown if weight loss
reduces risk.
Methods: Associations between weight change and risk of breast cancer were examined among women aged 50 years and
older in the Pooling Project of Prospective Studies of Diet and Cancer. In 10 cohorts, weight assessed on three surveys was
used to examine weight change patterns over approximately 10 years (interval 1 median ¼ 5.2 years; interval 2 median ¼
4.0 years). Sustained weight loss was defined as no less than 2 kg lost in interval 1 that was not regained in interval 2. Among
180 885 women, 6930 invasive breast cancers were identified during follow-up.
Results: Compared with women with stable weight (62 kg), women with sustained weight loss had a lower risk of breast
cancer. This risk reduction was linear and specific to women not using postmenopausal hormones (>2–4.5 kg lost: hazard
ratio [HR] ¼ 0.82, 95% confidence interval [CI] ¼ 0.70 to 0.96; >4.5–<9 kg lost: HR¼0.75, 95% CI ¼ 0.63 to 0.90; �9 kg lost:
HR¼0.68, 95% CI ¼ 0.50 to 0.93). Women who lost at least 9 kg and gained back some (but not all) of it were also at a lower risk
of breast cancer. Other patterns of weight loss and gain over the two intervals had a similar risk of breast cancer to women
with stable weight.
Conclusions: These results suggest that sustained weight loss, even modest amounts, is associated with lower breast cancer
risk for women aged 50 years and older. Breast cancer prevention may be a strong weight-loss motivator for the two-thirds of
American women who are overweight or obese.

In 2016, the World Health Organization estimated that 40% of
women worldwide were overweight or obese (1). In the United
States, more than two of every three adult women were overweight
or obese as of 2014 (2). Although high body mass index (BMI) is an
established risk factor for postmenopausal breast cancer (3,4), cur-
rently there is insufficient evidence to determine if the increased

risk from excess body weight is reversible (4). Given that breast can-
cer is the most commonly diagnosed cancer in women worldwide
(5), the question of whether weight loss can reduce breast cancer
risk is of great public health importance.

Bariatric surgery studies suggest that weight loss may re-
duce breast cancer risk (6–9), but results from studies of surgical
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weight loss may not be applicable to the general population.
Bariatric surgery patients are a select group in that they undergo
health screening before surgery, have an extremely high body
weight before surgery, lose extremely large amounts of weight
in a short period of time, and undergo hormonal and metabolic
changes from the surgery that induce more pronounced biologi-
cal responses than shown with the generally modest weight
loss obtained through diet and exercise (10). Results on weight
loss and breast cancer from most population-based observa-
tional studies have been null but were limited by small numbers
of women who lost weight (3). Importantly, most of these stud-
ies did not assess sustained weight loss and focused on changes
in body weight from early (aged 18–20 years, when women
tended to be at their leanest) to middle or later (aged 40 years
and older) adulthood. Results from three (11–13) of four (11–14)
prospective studies that examined weight loss during middle or
later adulthood suggested that weight loss during this time pe-
riod may be associated with lower breast cancer risk.
Furthermore, two (11,12) of the studies suggest that sustained
weight loss is of particular importance for postmenopausal
breast cancer risk. In these studies, however, weight loss was
rare, particularly sustained weight loss, and sample size was ex-
tremely limited.

Using the Pooling Project of Prospective Studies of Diet and
Cancer (DCPP), we set out to estimate the association of sus-
tained weight loss in middle or later adulthood on subsequent
breast cancer risk. This analysis includes more than 180 000
women aged 50 years and older from 10 prospective studies
with three or more weight measures before breast cancer
follow-up. Although some women from previously published
reports (11,12,14) are included, this analysis is the first to be suf-
ficiently powered to examine the important question of
whether sustained weight loss can impact breast cancer risk.

Methods

Study Population

The DCPP is an international consortium of prospective cohort
studies established in 1991 to examine associations between di-
etary factors and cancer risk among women with no history of
cancer (except nonmelanoma skin cancer) (15). The current
analysis includes 10 cohorts from the United States, Australia,
and Asia (Table 1) that had at least three surveys with reported
[or measured (16, 17)] body weights and breast cancer incidence
data (16–24). Data were harmonized across studies. Each study
was approved by its respective institutional review board. The
present study was restricted to women aged 50 years and older
at first weight measure. Women who were alive and cancer free
at the start of follow-up (between 1996 and 2004 depending on
the individual study) were considered for the analytic cohort
(n¼ 232 733). Women who did not report updated weight infor-
mation (n¼ 48 039) or reported extreme values for BMI, weight,
or height (BMI � 59 kg/m2, height <1.2 m, height �2.0 m, or
weight �225 kg; n¼ 3809) were excluded from the study
population.

Case Ascertainment

Incident invasive breast cancer cases were confirmed by medi-
cal records or cancer registry linkage. Some studies identified
additional cases through linkage to mortality registries.
Estrogen receptor (ER) status was available for 89.7% of cases.

Weight Change Assessment

Weight change was assessed using surveys at three time points
before breast cancer follow-up began (Figure 1). On average, the
weight change assessment period was 10 years total, including
two approximately 5-year intervals. For a given interval, stable
weight was defined as plus or minus 2 kg. Amount of weight
change was assigned based on the first interval, whereas the sec-
ond interval was used only to determine whether the initial
weight loss and/or gain was sustained. Weight loss in the first in-
terval was categorized as follows: more than 2 to 4.5 kg, more
than 4.5 to less than 9 kg, or more than equal 9 kg lost. Weight
gain was categorized as follows: more than 2 to 4.5 kg, more than
4.5 to less than 9 kg, 9 to less than 13.5 kg, or more than equal
13.5 kg gained. These cut points were selected as those that could
examine the most extreme amounts of weight change, with as
much granularity as possible, while maintaining adequate sam-
ple size. We then evaluated whether the weight change that oc-
curred during interval 1 was sustained, somewhat sustained, or
not sustained during interval 2. A 24-category variable was used
to describe weight change patterns across the two intervals
(Table 2). The referent group was women with stable weight
across both intervals. Sustained weight loss was weight lost in the
first interval that was not regained in the second interval.
Likewise, sustained weight gain was weight gain in the first interval
that was not subsequently lost. The remaining categories in-
cluded women whose weight changes showed more fluctuation
between interval 1 and interval 2. Women with the same starting
and ending weight could end up in different categories depend-
ing on whether they gained, lost, or maintained the same weight
during the first interval.

Statistical Analysis

Data from all studies were aggregated into a single dataset.
Follow-up time began after the last weight assessment and
ended at the date of incident invasive breast cancer diagnosis
unless the women were first censored for death, loss to follow-
up, or administrative end of follow-up. Hazard ratios (HR) and
95% confidence intervals (CI) (25) were estimated using Cox pro-
portional hazards regression (26). Tight control for cohort-of-
origin, age, and calendar year at the start of breast cancer
follow-up was done by including these variables in the STRATA
statement of the model. We further controlled for baseline BMI
(normal¼ 18.5–<25 kg/m2; overweight¼ 25–<30 kg/m2; obese
¼�30 kg/m2), baseline physical activity (PA; low or no, medium,
high as defined by each study), and postmenopausal hormone
replacement therapy (HT) use (current at the start of breast can-
cer follow-up, not current) because we a priori expected them to
be associated with both our exposure and outcome and we
wanted to assess associations of weight change and breast can-
cer beyond the impact of BMI, PA, and HT. Furthermore, we
found that several of the weight-change hazard ratios changed
by more than 10% when controlling for these variables (Table 2).
We also evaluated the following additional factors as potential
covariates: height, age at first birth, parity, oral contraceptive
use, history of benign breast disease, education, race, smoking
status, and alcohol intake. We chose, however, the more parsi-
monious model because there was very little change to the haz-
ard ratios when controlling for these additional variables
(Supplementary Table 2, available online). The proportional
hazards assumption was assessed using a likelihood ratio test,
and no violations were detected.
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A variety of subgroup and sensitivity analyses were con-
ducted: stratifying weight change associations by HT, BMI, and
PA; examining ER positive and negative tumors separately;
recalculating weight-change hazard ratios after dropping one
study at a time; limiting studies to the United States only; and
examining percent weight change. In sensitivity analyses, we
analyzed each study separately and then pooled the study-
specific risk estimates using a random effects model. In these
analyses, heterogeneity between cohorts was examined using
the Q statistic (27) and I2 index (28). All P values were based on
two-sided tests and considered statistically significant if the
P value was less than .05. All 95% confidence intervals were con-
sidered statistically significant if the null value of 1.00
was included. Analyses were conducted using SAS version 9.4
(Cary, NC).

Results

Descriptive Statistics

The final analytic cohort included 180 885 women. Women aged
50 years and older who were part of the DCPP, but not the ana-
lytic cohort, were more likely to be current smokers (14.9% vs
9.9%, respectively), in the low physical activity group (48.2% vs
42.9%), and not have a college education (46.1% vs 63.6%).
Otherwise the study population was similar to the overall DCPP
population (Supplementary Table 3, available online). Among
the women in the analytic cohort, 6930 breast cancers were
identified during follow-up (Table 1). Median follow-up after the
10-year weight-change period was 8.3 [interquartile range (IQR)
¼ 6.9–12.8] years. At the start of interval 1, the median age and
BMI of participants was 59 (IQR ¼ 55–64) years and 25.1 (22.7–
28.3) kg/m2, respectively. At the end of interval 2, median BMI
was 25.6 (IQR ¼ 22.9–29.1) kg/m2. Of women in the analytic co-
hort, 20.3% maintained stable weight (62 kg) over the two study
intervals (n¼ 36 744). Another 21.8% of the cohort lost weight in
interval 1 (n¼ 39 371), but only half of these women sustained it
over the second interval (n¼ 19 694). More than one-third of the
cohort gained weight in interval 1 (n¼ 67 394), and most sus-
tained the weight gain through interval 2 (n¼ 42 912).

Women with sustained weight loss had a lower risk of breast
cancer than women whose weight remained stable (Table 2).
The larger the amount of sustained weight loss, the lower the
risk of breast cancer (>2–4.5 kg: HR ¼ 0.87, 95% CI ¼ 0.77 to 0.99;
>4.5–<9 kg: HR¼ 0.84, 95% CI ¼ 0.73 to 0.96; �9 kg: HR¼ 0.74,
95% CI ¼ 0.58 to 0.94). Women who lost at least 9 kg in interval 1
and gained back some (but not all) of the weight also had a
lower risk of breast cancer compared with stable weight
(HR¼ 0.77, 95% CI ¼ 0.62 to 0.97). Results for women who gained
up to 13.4 kg in the first interval but subsequently lost all the

gained weight suggested a slightly lower risk of breast cancer
also (HR ¼ �0.9), but the confidence interval included the null
value. Hazard ratios for women with sustained weight gain rela-
tive to stable weight were generally greater than 1, but these
estimates were largely not statistically significant. All other
weight-change patterns had a similar breast cancer risk to sta-
ble weight.

Subgroup and Sensitivity Analyses

The breast cancer risk reduction for sustained weight loss was
linear (Figure 2) and specific to women not using HT at the start
of breast cancer follow-up (>2–4.5 kg lost: HR ¼ 0.82, 95% CI ¼
0.70 to 0.96; >4.5–<9 kg lost: HR¼ 0.75, 95% CI ¼ 0.63 to 0.90; �9
kg lost: HR¼ 0.68, 95% CI ¼ 0.50 to 0.93). No associations were
observed among HT users. Sustained weight gain was not asso-
ciated with breast cancer risk for either group (Supplementary
Table 4, available online).

The associations we observed for sustained weight loss were
also observed for ERþ tumors; similar but not statistically signif-
icant associations were found for ER- tumors, possibly because
of limited sample size (Supplementary Table 5, available on-
line). Overall, our results showed stronger associations for
weight loss among overweight and obese women compared
with women with BMI less than 25 kg/m2 (Supplementary
Table 6, available online). For sustained weight loss of at least 9
kg, women with a baseline BMI greater than 25 kg/m2 had a 25%
(95% CI ¼ 3% to 42%) lower breast cancer risk compared with
women with stable weight. As would be expected, very few
women with BMI less than 25 kg/m2 (n¼ 5 cases) had a sus-
tained weight loss of at least 9 kg, and we did not report hazard
ratios for this group because of statistical instability. Among
women who lost more than 4.5 kg to less than 9 kg, only over-
weight women were at a statistically significant lower breast
cancer risk compared with stable weight (HR¼ 0.78, 95% CI ¼
0.61 to 0.98), but an inverse association was also suggested
among obese women (HR¼ 0.88, 95% CI ¼ 0.67 to 1.16) and less
so among normal weight women (HR¼ 0.93, 95% CI ¼ 0.72 to
1.22). No discernable pattern was observed when results were
stratified by baseline physical activity (Supplementary Table 7,
available online).

In sensitivity analyses, we found no evidence that any indi-
vidual study was heavily influencing the results. No statistical
evidence of heterogeneity across cohorts was observed
(Pheterogeneity > 0.2 for all categories), but sample sizes were ex-
tremely small for individual cohorts, and weight change catego-
ries had to be collapsed (Supplementary Table 1, available
online). Our findings were also extremely consistent when we
dropped each study one at a time, and when we restricted to US
studies only (results not shown). Sensitivity analyses using

Weight Change Interval 2 
Median length: 4.6 years 

(IQR: 3.9-4.9 years) 

Weight 1 

Baseline year range: 1985-1998 
Median age: 59 (IQR: 55-64) years 
Median BMI: 25.1 (IQR: 22.7-28.3) kg/m2

Weight 2 Weight 3 

Median age: 68 (IQR: 65-73) years 
Median BMI: 25.6 (22.9-29.1) kg/m2 

Follow-up for breast cancer 
Median: 8.3 (IQR: 6.9-12.8) years 

Weight Change Interval 1 
Median length: 5.2 years 

(IQR: 4.4-5.9 years) 

Figure 1. Schematic of weight loss intervals in relation to breast cancer risk among women aged 50 years and older in the Pooling Project of Prospective Studies of Diet

and Cancer. BMI ¼ body mass index; IQR ¼ interquartile range (25th percentile–75th percentile).
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percent, instead of absolute, weight change also showed a simi-
lar pattern of results (not shown).

Discussion

In this large prospective study of women aged 50 years and
older, sustained weight loss of at least 2 kg was associated with
a lower risk of breast cancer compared with stable weight. The
lowest risk, 32% lower than stable weight, was for women who
sustained at least 9 kg of weight loss and were not taking HT.
Women who regained some of the weight after losing 9 kg were
still at a lower risk of breast cancer than women with stable
weight. These results were particularly striking for overweight
and obese women. Most other patterns of weight change con-
ferred the same breast cancer risk as maintaining stable weight,
including women who gained weight in the first 5 years but sub-
sequently lost weight.

Most previous studies of weight change have focused on
weight change from early adulthood (eg, age �18 years) to mid-
dle or later adulthood (age 40 years and older). Adult weight
gain from young adulthood was consistently associated with
postmenopausal breast cancer risk in these studies (3). In the
present study, we were interested in the impact of weight loss
after age 50 years. We did not observe a strong association with
weight gain for this age group, consistent with the findings
from the Women’s Health Initiative (WHI) Observational Study
(not included in this pooled study population). In both studies
the weight gain interval was no more than 5 years; therefore,
participants did not gain as much weight as they might have
over a longer time period. Previously observed associations with
weight gain were only noteworthy at no less than 22.7 kg of
gain.

Fewer studies have examined weight loss and risk of breast
cancer. Studies of weight loss from early to middle or later
adulthood have mostly been null. Weight loss during this time
period is relatively rare, and the null results may reflect a lack
of power. Furthermore, most studies did not examine whether
the weight loss was sustained. To our knowledge, four studies
(11–14) prospectively examined associations of weight change
in middle or later adulthood and breast cancer risk, and only
two examined sustained weight loss (11,12). The Nurses’ Health
Study (11) reported that sustained weight loss of no less than 10
kg after menopause was associated with a 57% lower breast
cancer risk (95% CI ¼ 14% to 79%), although this result was
based on only nine exposed cases. The Cancer Prevention
Study-II suggested a similar, but not statistically significant, in-
verse association (12). The WHI Observational Study (not in-
cluded in the pooled study because it did not have three weight
measures) observed an association with weight loss (�5% loss
vs stable weight: HR¼ 0.88, 95% CI ¼ 0.78 to 0.98), but the (in-
cluded) WHI Clinical Trial study (14) did not. However, neither
WHI study examined sustained weight loss. In our study-
specific results, sustained weight loss was associated with a
suggestive inverse association with breast cancer risk in the
WHI clinical trial population (Supplementary Table 1, available
online). Our results underscore the importance of accounting
for the subsequent weight gain that often immediately follows
weight loss, because only weight loss that was sustained was
inversely associated with breast cancer.

Mechanistic studies have consistently shown that blood lev-
els of postmenopausal endogenous estrogens are strongly asso-
ciated with higher BMI and breast cancer risk (29), and there is
evidence to suggest that circulating sex hormone concentrations
can be reduced by weight loss. In both weight loss intervention
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Figure 2. Sustained weight change over approximately 10 years compared with stable weight and risk of breast cancer among women aged 50 years and older not tak-

ing postmenopausal hormone therapy in the Pooling Project of Prospective Studies of Diet and Cancer. Weight change was calculated as the difference between

reported weight at year 1 and year 2 (interval 1) and year 2 and year 3 (interval 2). The referent group was women with stable weight across both intervals. Sustained

weight loss was weight loss in the first interval [median length ¼ 5.2 (interquartile range [IQR] 4.4–5.9) years] that was not regained in the second interval [median

length ¼ 4.0 (3.9–4.9) years]. Likewise, sustained weight gain was weight gain in the first interval that was not subsequently lost. Hazard ratios for different amounts of

sustained weight loss and gain are indicated by squares, and 95% confidence intervals are indicated by vertical lines.
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arms of the SHAPE-2 trial, estradiol, free estradiol, and testoster-
one concentrations were statistically significantly reduced (and
sex hormone binding globulin was increased) compared with
the control group, which experienced no weight loss (30). Other
studies have also shown that weight loss reduces sex steroid
hormone concentrations (31,32), as well as C-reactive protein,
interleukin 6, tumor necrosis factor alpha, insulin-like growth
factor 1, and insulin-like growth factor binding protein (33).

Our finding of a stronger association for non-HT users was
not unexpected. This difference by HT use is likely due to the in-
crease in circulating sex hormones caused by exogenous hor-
mone use (34), which may overwhelm more moderate changes in
hormones because of adipose tissue alone (35). In women not tak-
ing HT, the endogenous hormone shift caused by weight loss
may be more influential. The importance of this interaction, how-
ever, has lessened in recent years because of the drastic decline
in the use of postmenopausal hormones, estimated to be down to
less than 5% of US women in 2010 (36). We were also not sur-
prised to find that the greatest benefit of weight loss was among
women with BMI greater than 25 kg/m2, because very few women
with BMI less than 25 kg/m2 lost substantial amounts of weight.

Limitations of the present study include the varying number
of years in each weight-change interval from each of the con-
tributing cohort and the inability to use more than three weight
assessments. Although we evaluated the influence of most
known breast cancer risk factors, we acknowledge that un-
known confounders or survival factors (associated with both
weight change and breast cancer risk) may have influenced our
results through uncontrolled confounding or selection bias. We
also cannot be sure that the weight loss in our study was inten-
tional; however, we do not think reverse causality had a major
impact on our results, because weight loss does not typically ac-
company a breast cancer diagnosis (unlike for other cancers)
(37). It is also possible that associations of weight loss and
breast cancer may be different today than they were when the
women in this study lost weight (mid- to late 1980s and 1990s),
given that the prevalence of overweight and obesity has in-
creased for all age groups worldwide (1,38), and women today
are more likely to have carried excess adiposity from an earlier
age than the women in our study population. We also note that
self-reported, rather than measured, weight and height were
used in eight of 10 cohorts, and body composition information
at the same time points was not available. Although the correla-
tion between self-reported and measured weight has previously
been shown to be high (r¼ 0.97), individual participant reports
may be less accurate (39,40). To address this concern, we strati-
fied our results by method of weight and height ascertainment
(Supplementary Table 8, available online) and did not detect dif-
ferences; likewise, in a study of more than 10 million partici-
pants from 239 prospective studies, the Global BMI Mortality
Collaboration did not detect differences in results by method of
weight and height ascertainment (41). In addition, we have no
reason to believe that potential misclassification by self-
reported weight would be differential by case status, although it
is more likely to occur among the obese group (39). We also note
that we did not have objectively measured physical activity
data in this study, but validation studies have shown that self-
reported physical activity can accurately rank adult physical
activity levels (42–44). Finally, the study population was pre-
dominately white and college educated and largely included
US-based cohorts. Future research is needed to confirm these
findings in other populations such as women from different
countries, nonwhite populations, contemporary cohorts, and
women who have a more disadvantaged socioeconomic status.

Despite this set of limitations, this study addressed major limi-
tations of previous studies, specifically to prospectively exam-
ine sustained weight loss during middle-to-later adulthood
with adequate sample size in a general population study.

In conclusion, we found that losing weight—and keeping it
off—was associated with lower breast cancer risk for women
aged 50 years and older. This message is particularly important
for the two-thirds of the US population who are overweight or
obese and therefore at higher risk of breast cancer. Perhaps
equally as important, these results suggest that gaining weight,
and then losing it, confers the same breast cancer risk as keep-
ing a stable body weight. In other words, it is not too late to
lower your risk of breast cancer if you have gained weight after
50 years of age. Prevention of the most common cancer world-
wide may be a particularly motivating factor for the near epi-
demic numbers of overweight women.
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